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COMMENTARY 




New liver-p-cell axis that controls insulin 
secretory capacity 



Glucose production by the liver is a 
major physiological fiinction, required to 
prevent the development of hypoglyce- 
mia in postprandial and fasted states. 
Hepatic glucose metabolism is highly reg- 
ulated not only by changes in plasma 
insulin and glucagon levels, but also by 
changes in blood glucose concentrations. 
In the fasted state, a decrease in glycemia 
reduces the intracellular levels of glucose 
and glucose-6-phosphate, thereby favor- 
ing glycogen degradation. The last steps 
of glucose secretion involve the diffusion 
of glucose out of the endoplasmic reticu- 
lum (ER) and into the cytosol followed 
by its release fi-om the hepatocytes by a 
facilitated diffusion mechanism through 
glucose transporter 2 (GLUT2). GLUT2 
is a facUitative glucose transporter located 
in the plasma membrane of the liver, 
pancreas, intestine, kidney and brain. 
Because of its low affinity and high 
capacity, GLUT2 ensures large bidirec- 
tional fluxes of glucose in and out of the 
ceU. 

In previous studies, it has been shown 
that the absence of GLUT2 suppresses 
glucose uptake and facilitates glucose dif- 
fusion across the hepatocyte plasma 
membrane; however, in the fasted state, 
the hepatic glucose secretion was nor- 
mal'"^. Furthermore, it provided evidence 
that this process takes place through a 
membrane traffic-based mechanism. 
Thus, in the fasted state, hepatic glucose 
release does not require the presence of 
GLUT2 or any plasma membrane 
facilitated diffusion glucose transport 
mechanism. This implies the existence of 
a new pathway for glucose release, which 
might be based on a membrane traffic 
mechanism. However, these conclusions 
were obtained by studying mice with a 
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constitutive and systemic deletion of the 
GLUT2 gene. Therefore, the possible 
activation of an unphysiological compen- 
satory pathway could not be excluded. 

In a recent article, Seyer et al^ investi- 
gated the physiology of adult mice with 
an induced Hver-specific inactivation of 
the GLUT2 gene. Their experiments 
show that the inactivation of GLUT2 
suppressed glucose uptake by hepato- 
cytes, but had no effect on the hepatic 
glucose secretion and homeostasis in the 
fed and fasted states. 

That important study showed that 
hepatic glucose uptake depends on 
GLUT2 expression, but the presence of 



this transporter does not affect the nor- 
mal glycemic control during the post- 
prandial state and the rate of hepatic 
glucose production in the fasted sate. 
However, during fasting, GLUT2 is 
required for the equilibration of cytosolic 
glucose with the external space to allow 
normal glycogen mobilization, and sup- 
pression of glycolytic and lipogenic gene 
expression; processes that are activated 
by elevated glucose levels. 

Despite the lack of an acute effect of 
hepatic GLUT2 inactivation on glucose 
homeostasis, long-term observations 
showed that the deregulation of liver glu- 
cose metabolism leads to the progressive 




Figure 1 | Hepatic glucose sensing controls p-ceil glucose competence through the regulation 
of bile acid production. The absence of glucose transporter 2 in the liver is associated with a 
coordinated downregulation of the cholesterol biosynthesis genes leading to lower bile acid 
production. This leads to a progressive development of glucose intolerance as a result of a 
reduced insulin secretory capacity in p-cells. Bile acids might constitute a link between hepatic 
glucose sensing and the preservation of p-cell glucose competence. 
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development of glucose intolerance. This 
was as a result of reduced insulin secre- 
tion by P-ceUs without changes in islet 
insulin content and p-ceU mass. There- 
fore, this suggests that the existence of a 
Hver-p-ceU axis depends on normal Uver 
glucose metabolism and correct glucose- 
dependent regulation of gene expression. 

Microarray analysis of liver gene 
expression showed that in addition to an 
altered regulation of glycolytic and lipo- 
genic gene expression, there was a coordi- 
nated downregulation of most of the 
cholesterol biosynthesis genes, both in the 
fasted and re-fed states. This was associ- 
ated with reduced hepatic cholesterol con- 
centration and bile acid (BA) production. 
No changes were observed in the expres- 
sion of Cyp7Al, which codes an enzyme 
that catalyzes the first committed step in 
BA production; similar observations were 
made for other genes regulating the syn- 
thesis of BA. These results suggest that a 
decrease in the production of cholesterol 
is the primary cause of reduced BAs in 
feces and plasma. Because the cholesterol 
biosynthetic pathway was associated with 
decreased BA levels, the authors propose 
that BAs might mediate a liver-p-ceU axis 
by maintaining the glucose competence. 

Because BAs have recently been pro- 
posed to play an important role in the 
control of glucose homeostasis through 
TGR5-dependent stimulation of gluca- 
gon-Uke peptide- 1 (GLP-1) production, 
and because GLP-1 can increase P-cell 
glucose competence, they tested GLP-1 
plasma levels in the basal and re-fed 
states. No differences were found 
between the control and LG2K0 mice, 
suggesting that GLP-1 secretion does not 
explain the decreased P-cell glucose com- 



petence. In contrast, their data provide 
support for a direct role of BA action in 
P-ceUs through an farnesoid X receptor 
(FXR)- dependent mechanism, because 
glucose competence of control islets was 
clearly increased by prior exposure to 
chenodeoxycholic acid (CDCA) or the 
FXR agonist, GW4064; an effect that was 
suppressed in FXR~'~ islets. This is in 
agreement with observations that BAs 
increase insulin production and secretion 
through an FXR-dependent regulation of 
adenosine triphosphate-sensitive potas- 
sium channels'*'^. 

Considered together, we believe that 
BAs might constitute a link between 
hepatic glucose management as a way 
to sense glycemic levels, and in the 
long-term maintenance of the appropri- 
ate insulin secretory capacity of the 
pancreatic p-ceUs (Figure 1). However, 
understanding the link between the 
hepatic glucose sensing mechanism and 
the control of cholesterol biosynthesis 
genes wiU clearly require further investi- 
gation. In addition, flirther studies wiU 
be required to fiiUy elucidate the role 
of BAs on diverse aspects of the con- 
trol of glucose homeostasis, because 
BAs form a family of structurally 
related, but very diverse, molecules that 
might have widely different biological 
effects. Finally, because cholesterol is 
the precursor of other biologically active 
substances, such as isoprenoid, doUchol 
or steroids, other cholesterol-derived 
molecules might also have an impact 
on p-ceU function. Consequently, fur- 
ther research on these processes wiU 
provide an alternative basis for the suc- 
cessfiil treatment of type 2 diabetes 
mellitus. 
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